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S| UNITS AND INCH-POUND SYSTEM EQUIVALENTS

[SI, International System of Units, a modernized metric system of measurement. All values have been rounded to four significant digits except
0.01 bar, which is the exact equivalent of 1 kPa. Use of hectare (ha) as an alternative name for square hectometer (hm?) is restricted to
measurement of land or water areas. Use of liter (L) as a special name for cubic decimeter (dm3) is restricted to the measurement of liquids
and gases; no prefix other than milli should be used with liter. Metric ton (t) as a name for megagram (Mg) should be restricted to commercial
usage, and no prefixes should be used with it. Note that the style of meter? rather than square meter has been used for convenience in finding
units in this table. Where the units are spelled out in text, Survey style is to use square meter]

SI unit Inch-Pound equivalent SI unit Inch-Pound equivalent
Length Volume per unit time (includes flow)—Continued
millimeter (mm) = 0.039 37 inch (in) decimeter? per second = 15.85 gallons per minute
meter (m) = 3.281 feet (ft) (dm?/s) (gal/min)
= 1.094 yards (yd) = 5434 barrels per day
kilometer (km) = 0.621 4 mile (mi) (bbl/d) (petroleum,
= 0.540 0 mile, nautical (n mi) 1 bbl=42 gal)
meter? per second (m?/s) = 35.31 feet? per second (ft3/s)
Area = 15850 gallons per minute
centimeter? (cm2) = 0.155 0 inch? (in?) (gal/min)
meter? (m2) = 10.76 feet? (ft2)
= 1.196 yards? (yd2) Mass
= 0.000 2471 acre . .
hectometer? (hm?) - 2.471 acres gram (g) = 0.035 27 ouncg z)wowdupms (oz
= .003 86 ti avdp )
0003861 sestior (640 2cres 08 i1 ogram (ke) - 2205 pounds avoirdupais (b
kilometer? (km? = 0.386 1 ilez (mi2 avdp)
ometer? (k) mile? (mi?) megagram (Mg) = L1102 tons, short (2 000 Ib)
Volume = 0.984 2 ton, long (2 240 Ib)
centimeter3 (cm3 = 0.061 02 inch? (in3 R
decimeters ma)) = 61.02 inﬁhes(i (ills) Mass per unit volume (includes density)
- 2B pints (pt) kil 0.062 43 d per foot? (Ibifts
= 1.057 quarts (qt) i l?g;ra;n per meter? = . pound per foot? (Ib/ft3)
- 0.264 2 gallon (gal) g/m?)
= 0.035 31 foot3 (ft3)
meter3 (m3) = 35.31 feet? (ftz) Pressure
= 1.308 yards? (yd2) -
= 2642 gallons (gal) kilopascal (kPa) = 0.1450 pound-force per inch?
= 6.290 barrels (bbl) (petro- (Ibf/inz)
leum, 1 bbl=42 gal) = 0.009 869  atmosphere, standard
= 0.000 810 7 acre-foot (acre-ft) (atm)
hectometers (hm3) =  810.7 acre-feet (acre-ft) = 0.01 bar
kilometer3 (km3) = 0.239 9 mile3 (mi?) = 0.296 1 inch of mercury at
60°F (in Hg)
Volume per unit time (includes flow)
de?iime/ter3 persecond = 0.035 31 foot?® per second (ft3/s) Temperature
(dm?/s) ,
= 2.119 feet? per minute (ft3/ temp kelvin (K) = [temp deg Fahrenheit (°F)+459.67)/1.8
min) temp deg Celsius (°C) = [temp deg Fahrenheit (°F)-32)/1.8

Any use of trade names and trademarks in this publication is for descriptive purposes only and

does not constitute endorsement by the U.S. Geological Survey.




U.S. Geological Survey Research in Radioactive
Waste Disposal--Fiscal Year 1980

By
Robert Schneider and N. J. Trask
ABSTRACT

The report summarizes progress on geologic and hydrologic research related to
the disposal of radioactive wastes. The research is described according to
whether it is related most directly to: (1) High-level and transuranic
wastes; (2) Low-level wastes, or (3) Uranium mill tailings. Included is
research applicable to the identification and geohydrologic characterization
of waste-disposal sites, to investigations of specific sites where wastes have
been stored, and to studies of regions or environments where waste-disposal
sites might be located. A significant part of the activity is concerned

with techniques and methods for characterizing disposal sites and studies

of geologic and hydrologic processes related to the transport and (or)
retention of waste radionuclides.

INTRODUCTION

Since the advent of the Atomic Age, scientists have known that the release

of radioactivity from nuclear activities could have harmful effects on the
environment and on man. Also, it was recognized that the potential transport
of this radioactivity from buried sources to the human environment would
involve water. For these reasons and because the U.S. Geological Survey
(USGS) is the principal earth science agency in the Federal Government,

the various agencies concerned with nuclear facilities and testing nuclear
weapons have requested the advice of the USGS for many years on the relation
of geology and hydrology to the isolation of radioactivity from the biosphere.

The research of the USGS as a whole, includes almost every area of earth
science. The specific research activities described in this report are
part of the USGS program that is directly related to radioactive waste
disposal. They include geologic and hydrologic research of general
applicability to the identification and characterization of waste disposal
sites, investigations of specific sites where wastes have been stored, and
studies of regions or environments where waste disposal sites might be
located. The activities discussed in this report are divided arbitrarily
into three categories according to whether they relate most directly to:



(1) high-lTevel and transuranic wastesl, (2) Tow-level wastesZ, and
(3) uranium mill tailings.

Some of the generic research described in the section on high-level and
transuranic wastes, particularly the work on techniques and methods for
characterizing disposal sites and studies of geologic and hydrologic
processes, could also be applicable to low-level waste disposal. Conversely,
the section on lTow-level wastes includes research on geologic and hydrologic
processes that could be useful in problems related to the disposal of
high-level and transuranic wastes. This is the second report of progress

of USGS research in radioactive waste, the first being by Schneider and
others (1981)3.

RELATION TO PROGRAMS OF OTHER AGENCIES

For about 30 years the USGS has provided technical consultation to the
Department of Energy (DOE) and its predecessors, the Energy Research and
Development Administration and the Atomic Energy Commission. The USGS

has also assisted the Department of Defense; the Nuclear Regulatory Commission
(NRC); and the Environmental Protection Agency (EPA). The work has included
assistance to the DOE staff at Germantown, Maryland; and a variety of
regional and detailed geologic and hydrologic studies and generic research
related to waste disposal at the Savannah River Plant, South Carolina; Oak
Ridge National Laboratory, Tennessee; Idaho Nuclear Engineering Laboratory;
the Hanford Reservation, Washington; and to weapons testing and(or) waste
disposal at the Nevada Test Site and other localities. These activities

1. High-level wastes include fission products that initially have a high
level of beta and gamma radiation and a high rate of heat generation;

they also include transuranic elements with a long toxic life. Transuranic
waste contains long-lived alpha emitters at concentrations greater than

10 nCi/g and generates little or no heat.

2. The term low-level wastes has carried a changing and imprecise definition
over the years. Currently, it generally means waste which does not fit the
definition of high-level waste and in which the concentration of transuranic
elements is less than 10 nCi/g. It consists in part of miscellaneous solid
materials that have been irradiated and contaminated through use as well as
products of reactors and fuel reprocessing plants.

3. Schneider, Robert, Roseboom, E.H., Robertson, J. B., and Stevens, P. R.,
1982, U. S. Geological Survey Research in Radioactive Waste Disposal--
Fiscal Year 1979: U. S. Geological Survey Circular 847, 74 p.



are referred to collectively as cooperative programs in contrast to those
activities supported by direct Congressional appropriations to the USGS!.

With regard to high-level and transuranic wastes, the specific responsibility
for selection of sites for waste repositiories, as well as their design,

lies with the DOE. The NRC and EPA are responsible for 1icensing the
facilities and establishing criteria for judging their environmental effects.
The DOE program, known as the National Waste Terminal Storage (NWTS) program,
includes support for cooperative investigations by the USGS. The part of

the USGS research on high-level wastes which is funded by its own
appropriations, is designed to complement and augment the DOE program and

to provide needed information from an agency that has neither operational

nor regulatory responsibilities in waste disposal.

To improve the coordination between DOE and USGS, the USGS and the DOE
Office of Nuclear Waste Management prepared an Earth Science Technical

Plan (ESTP) for mined geologic disposal of radioactive waste (high-level

and transuranic wastes)z. The objectives were to formally organize the
earth-science research tasks directed toward licensing a geologic repository,
to show how these tasks address the principal technical questions related

to geologic disposal of nuclear waste, to identify technical questions

that require additional attention, and to establish the basis for assigning
priorities to future work.

For several years the USGS has been conducting specific geohydrologic studies
at low-level disposal sites on behalf of the DOE at the Idaho National
Engineering Laboratory and at the Oak Ridge National Laboratory, Tennessee.

1 Schneider, Robert, 1980, USGS participation in the National Waste

Terminal Storage Program, in Proceedings of the 1980 National Waste Terminal
Storage Program information meeting: Office of Nuclear Waste Isolation,
Battelle Memorial Institute, Columbus, Ohio, Report ONWI-212, p. 5-6.

2 0ffice of Nuclear Waste Management, U.S. Department of Energy, and U.S.
Geological Survey, 1980, Earth Science Technical Plan for Disposal of
Radioactive Waste in a Mined Repository: DOE/TIC-11033 (Draft) and USGS
draft report, National Technical Information Service, Springfield, Virginia.

3



BUDGET SUMMARY -- FISCAL YEAR 1980

(in millions of dollars)

High-level and transuranic
wastes and related
generic research

USGS appropriation
DOE transfer of funds
NRC transfer of funds
Low-level wastes and
related research on
geologic and hydrologic
processes
USGS appropriation
DOE transfer of funds
Uranium mill tailings

USGS appropriation

Total

8.93

2.90

0.1

11.94



HIGH-LEVEL AND TRANSURANIC WASTES

Geological Survey Program for Identifying
Environments Suitable for Locating Disposal Sites

By M. S. Bedinger and K. A. Sargent, Lakewood, Colo.

Screening activities to locate sites for radioactive waste repositories
have been underway for many years, principally outside the USGS. Typi=-
cally they involve the study of successively smaller geographic regions
with a progressive increase in the level of detail of study. Only re-
cently, however, has there been an appreciation of the need to consider,
at the earliest stage of this process, environmental factors that can
provide multiple barriers to radionuclide migration (Interagency Review
Group on Nuclear Waste Management, 1979, p. 37-43). The term multiple
barriers includes man-made barriers and natural barriers in the form of
specified hydrodynamic, geochemical, and geologic characteristics that
would impede radionuclide transport. The factors of most significance
include a geologically stable environment, a host rock of low permeabi-
lity in a flow system with slow ground-water velocity, rocks with high
sorptive capacity in the flow sytem, and long flow paths to discharge
areas downgradient from the repository. Previously, attention was focused
almost exclusively on the potential repository host rock, particularly

its stability. While the host rock remains important, its characteristics
must be considered in conjunction with the types of hydrologic and geologic
barriers mentioned above.

The process of selecting potentially suitable sites for repositories is

extremely complex, involving social and political factors in addition to
those pertaining to hydrology and geology. In view of the fact that the
DOE has the responsibility for selecting sites, this USGS study requires
the coordination and concurrence of the DOE which has had site selection
activities underway for some time. The DOE effort currently is focused

primarily on salt, tuff, and basalt as the potential host rocks for the

waste.

The study is part of the USGS high-level waste program, which was started
in fiscal year 1979 with direct Congressional appropriations,

Objective To identify or contribute to the identification of geohydrologic
environments with hydrodynamic, geochemical, and geologic characteristics
which provide independent, multiple natural barriers to the migration of
radionuclides and which may warrant intensive study.

Approach  One of the approaches explored by a subgroup of the DOE-DOI Working
Group that developed the Earth Science Technical Plan (U.S. Department of
Energy and U.S. Geological Survey, Subgroup I of ESTP Working Group, 1980)

is to be tested in a prototype area. As adapted by the USGS the approach
stresses the concept of identifying environments with relatively independent
multiple barriers to nuclide transport in order to overcome deficiencies

in our ability to characterize adequately the masses of rock around a
repository, and to predict accurately the nature and occurrence of future
waste-rock-water reactions, natural events, and nuclide transport (Bredehoeft

5



and others, 1978; Interagency Review Group on Nuclear Waste Management,

1979). Eleven broad physiographic provinces, encompassing the 48 conterminous
states, have been identified as the basic Tand units in the national screening
process. During the screening, the provinces will be subdivided successively

into regions, areas, and potential sites.

Progress The Basin and Range Province, which encompasses parts of eight
states--Arizona, California, Idaho, Nevada, New Mexico, Oregon, Texas, and
Utah--was selected for testing the screening process.

Work began on assembling a data base for the screening effort. Published
data and data in the files of the USGS are being compiled by specific
subjects for use in evaluating geohydrologic environments. National and
regional overviews, useful for preliminary screening, exist for the
occurrence of various rock types, mineral resources, seismic activity, and
volcano-tectonic features. Data are being gathered, assimilated, and
compiled on mining districts and their commodities, surface occurrences

of potential host rocks including granite, tuff, argillaceous rocks, basalt
and salt. Preliminary reports on seismicity and regional tectonics are
nearly finished. A preliminary compilation of gravity data was made and
magnetics data are now being assembled. Hydrology, the keystone for
regional environmental assessments, appears to be less well suited to
regional definition, and it is probable there are significant areas with an
absence of information on deep water movement. The available hydrologic
data and information useful for characterizing the hydrology and delineating
ground-water flow systems of the Province are being assembled.

Efforts were directed toward identifying ways of recording and processing
the large amounts of data needed for a national screening process. Progress
in developing algorithms for digitizing, storing, and combining areal
information of the type needed is well advanced, and the problem is to

adapt the systems best suited for this particular application. Work also
began on assessing the capabilities of and adapting ground-water models

for use in interpreting regional flow systems and evaluating the transport
of radionuclides in geohydrologic environments.

Report

Bedinger, M.S., 1980, The Geological Survey program for identification of
suitable geohydrologic environments for the disposal of high-level radio-
active wastes: in Proceedings of the 1980 National Waste Terminal Storage
Program information meeting: Office of Nuclear Waste Isolation,
Columbus, Ohio report ONWI-212, p. 280-281.
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DEPARTMENT OF ENERGY PROGRAM FOR LOCATING AND CHARACTERIZING DISPOSAL SITES

The Geological Survey is conducting various scientific investigations
for the DOE which has the responsibility for developing repositories for
the permanent isolation of nuclear wastes. The DOE's National Waste Terminal
Storage (NWTS) Program, established in 1976, is composed of three separate
coordinated elements which include many investigations related to locating
and characterizing disposal sites: the technical program of the Office of
Nuclear Waste Isolation (ONWI) of Battelle Memorial Institute located in
Columbus, Ohio; the Basalt Waste Isolation Project (BWIP) in Hanford, Washington;
and the Nevada Nuclear Waste Storage Investigations (NNWSI) at the Nevada
Test Site (NTS). This section of the report is confined to those DOE
investigations for which the USGS is conducting research. The ONWI
investigations, in which the USGS is involved, include the Paradox Basin,
Utah; and the Gulf Coast salt-dome region. The Geological Survey is also
carrying out geologic and hydrologic investigations related to the Waste
Isolation Pilot Plant near Carlsbad, New Mexico, which is intended for the
storage of defense generated nuclear waste. This work is being done for the
DOE's Albuquerque Operations Office.

Nevada Test Site and Vicinity

The USGS has been assisting the DOE in evaluating the suitability of
various geologic environments and rock masses for locating repositories on
or near the Nevada Test Site (NTS) for the disposal of commercially generated
high-level radioactive wastes and wastes from DOE facilities. An essential
part of this work is defining the geology and hydrology of the area in
order to assess the potential for the transport of radionuclides from a
repository to the human environment. In addition, the potential for disruption
of a repository as a result of volcanic or tectonic activity or accelerated
erosion is being evaluated.

Search for Potential Sites
By Gary L. Dixon and Virginia M. Glanzman, Lakewood, Colo.

Objective To locate and characterize rock masses at the NTS and in southern
Nevada suitable as host media for high-level radioactive wastes; to describe
the areal and depth distribution and structural integrity of these rock
masses; and to assess the potential for contaminant release by hydrologic
transport, or as a result of tectonic, and (or) volcanic activity.

Approach  From previous geologic work at NTS, the general geology is well
known., Areas likely to have suitable host rocks and hydrologic conditions
at depths appropriate for a repository are evaluated by detailed surface

7



mapping, surface geophysical methods, exploratory drilling, and borehole
geophysical techniques.

Progress Field work in the Syncline Ridge and Calico Hills areas (fig. 1)
was completed and reports on the geology, geophysical studies, and core
analysis were released (Anderson and others, 1980; Daniels and Scott, 1980;
Hagstrum and others, 1980a,b; Hoover and Morrison, 1980; Spengler and
Rosenbaum, 1980). Field investigations on the geology of the Twinridge
granitic pluton (fig. 1) were completed and a report on results is in press
(Maldonado, 1981). A ground magnetic traverse was made of the area to
acquire new data to help identify the magnetic source rock by relating the
detailed anomalies of that traverse to known geologic units. This is
important inasmuch as the source rock is buried and the small exposed mass
of intrusive rock is nonmagnetic. Owing to its geologic complexity, the
Twinridge area is no longer being investigated as a potential repository site.
Geologic and geophysical investigations were conducted in the southwestern
quadrant of NTS, principally the Yucca Mountain area.

Field work for geologic mapping of the tuff bedrock in the southwestern NTS
region was completed and a map compiled. This map will provide a better
understanding of the distribution, welding, and volume of the Crater Flat
tuffs and genetically related silicic volcanic rocks. An analysis of
aeromagnetic and ground magnetic data from the southwest portion of the NTS
was completed.

Yucca Mountain: A deep stratigraphic drill hole (USW-G1), located in a
major northwest-trending valley at the north end of Yucca Mountain, was
drilled and cored to a depth of 1829 m. The rocks were identified as
Crater Flat Tuff from about 549 to 1074 m, silicic lava-flow breccia from
1074 to 1196 m, and a thick 1ithic-rich tuff below 1196 m. A preliminary
appraisal is that all the volcanic rocks below the Crater Flat Tuff are
genetically related to it and about the same age. This tentative conclusion
is based on the general similarity of these older tuffs to the Crater Flat
Tuff. Preliminary testing indicates that all the tuffs below Crater Flat
are magnetically normal. Only the volcanic rocks at Tram Peak that are
part of the Crater Flat Tuff have reverse polarity. Based on petrologic
and geophysical evidence, the depth to basement or pre-Cenozoic rock

under the USW-G1 site may be on the order of 3,050 m.

Gravity measurements were made at Yucca Mountain. An area of low gravity
is centered about 2 mi west of the USW-G1 hole and probably reflects a
depression in the pre-Tertiary basement surface. The depth to the basement
at the center of the lTow gravity area is estimated to be 3-4 km. Low-level
aeromagnetic data collected over the area show small magnetic variations
over the repository area being considered.

The effect of the near-surface volcanic rocks is filtered out in higher

level aeromagnetic data which are thought to reflect the magnetic structure
of the basement rocks. The horizontal extent of the maximum gradient of

the major magnetic high over the north end of Yucca Mountain is about 2 1/2
km; this width of the gradient suggests that the depth to the basement just
northeast of drill hole USW-G1 as determined from geomagnetic data is in

rough agreement with the depth estimated on the basis of the gravity analysis.

8
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A preliminary temperature log made in USW-G1 indicates a temperature gradient
of 15°C/km in the unsaturated zone (0 to 300 m) and 25°C/km between the
depths of 1160 and 1980 m. The latter value leads to a heat flux of about
THFU (40 kW/kmZ2). Additional temperature logs are planned.

A synthesis was made of all the electrical traverse data near the Yucca
Mountain site identifying all principal electrically conductive zones.

The conductive zones are inferred to be faults from the association of a
number of them with known faults which have been mapped at the surface.
These data were then integrated with the surficial geology to produce a map
of inferred faulting in the site area.

Data from gravity and aeromagnetic surveys of the Timber Mountain region
suggest that deformation caused by volcanism has been accommodated along
straight line faults which combine to give the appearance of an arcuate
pattern. The magnetic data suggest that rock units in the central graben

of the Timber Mountain caldera and along the southeast margin of Timber
Mountain have been thermally altered. Gravity data indicate the southern
part of Timber Mountain is underlain by relatively dense, possibly intrusive
rocks similar to those exposed on the southeast side. Gravity data also
suggest that the Silent Canyon caldera which is centered just northeast of
Timber Mountain may extend considerably south so as to underlie much of the
Timber Mountain area. The Yucca Mountain area is separated from the southern
part of Timber Mountain by a triangular shaped horst. Several linear
terrain features in the southern part of the caldera are closely alined

with features on geophysical maps, implying that terrain features are fault
controlled.

Reports
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Tectonics, seismicity, volcanism and erosion rates in the southern Great Basin
By W.J. Carr and A.M. Rogers, Lakewood, Colo.

Objective To assess the potential for faulting, damaging earthquakes,
recurrence of volcanism, and local acceleration of erosion in parts of the
southern Great Basin.

Approach  The following approaches are being used: (1) investigating the
rate, intensity, and distribution of faulting during approximately the last
25 m.y., with emphasis on the last 10 m.y.; (2) monitoring and interpreting
present seismicity; (3) studying the history of volcanism; and (4) evaluating
past rates of erosion and deposition.

Progress Tectonics--Mapping of the Quaternary deposits in the Yucca
Mountain-Jackass Flats and Crater Flat areas has been completed and maps
are being compiled for publication. The results of mapping and other work
indicate a Tack of youthful fault scarps in the Yucca Mountain area. A few
faults in Crater Flat cut the surface alluvium; however, this alluvium is
probably more than 100,000 years old and the scarps show considerable
maturity. Trenching is planned to confirm these conclusions. Reports on
the Quaternary stratigraphy of southwestern NTS and dating of Quaternary
carbonate materials were completed. A preliminary study was made of a
relatively young fault cutting the oldest Holocene alluvium along the
northwest side of Bare Mountain (fig. 1). This is probably the youngest
faulting in the southwestern NTS area. Detailed mapping of the northern
Amargosa Valley is under way on new aerial photographs. A simplified
computer program and mathematical model were completed in a study of erosion
rates in the Great Basin. This model is the first step in an attempt to
relate erosion and slopes to rates of tectonic uplift. A reconnaissance
was made of the relations between alluvium and basalts in the Lunar Crater-
Black Rock basalt field in the Pancake Range, north of the Nevada Test Site
(fig. 2). A brief examination of the Pancake Range area indicates that
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alluvial stratigraphy like that defined for the NTS can be used for
approximate dating of basalts and faulting elsewhere in the Great Basin.
Preliminary structure contour maps of the 11.5 m.y.-old Rainier Mesa Member
of the Timber Mountain Tuff have been completed for the entire NTS area.

Interpretation of volcanism, seismicity, geophysics and geology for the
southern Great Basin suggests the presence of a distinct structural-
physiographic subprovince, here called the Lahontan subsection, in the
western half of the Great Basin. The eastern margin lies near a north-
south "axis of symmetry" (Eaton and others, 1978), but is arcuate and
concave westward (fig. 2). East and west portions of the southern Great
Basin are divided by a persistent septum that coincides closely with the
"axis of symmetry" and consists of eastward-dipping Paleozoic rocks that
separate volcanic fields of southwestern and central Nevada from those of
eastern Nevada and western Utah. Portions of this magnetically "quiet"
septum in southern Nevada are prominent areas of relatively high topography
such as the Grant-Quinn Canyon Ranges, Sheep Range, and Spring Mountains.

During the Neogene, the eastern margin of the Lahontan subsection appears
to have been a little more active tectonically than the septum to the east
or areas in the center of the subsection, as evidenced by concentration of
small basalt eruptions (medial basalt belt on fig. 2), Quaternary faulting,
and seismicity. This marginal zone of slightly higher tectonic flux is
somewhat diffused in the Walker Lane belt of dextral shear and the zone may
curve southwestward from the Spring Mountains across the highly active
areas of Death, Panamint, and Owens Valleys (fig. 2) where it includes
relatively young volcanic areas such as the Greenwater and Coso fields.
This southwestward curving may be related to a change in crustal thickness
or composition, as suggested by a prominent east-west gravity gradient and
seismic velocity changes at about tat 37° N. In northern Nevada, the
eastern margin of the Lahontan subsection may follow the Oregon-Nevada
lineament (Stewart and others, 1975). Mantle flow is suggested as a
mechanism for this segmentation of the Great Basin.

New dates on rhyolite lavas associated with the Black Mountain caldera
northwest of Timber Mountain agree fairly well with ages of associated ash-
flow tuffs (Thirsty Canyon Tuff), but tend to push back ages obtained from
samples collected earlier. The age range for Black Mountain caldera activity
now appears to be between about 7 and 10 m.y. A zircon fission track date

of 8.8 m.y. was also obtained on the small rhyolite plugs at Calico Hills.
This suggests that at least some of the uplift and hydrothermal alteration

of the Calico Hills occurred in connection with extrusion of the nearby
rhyolite of Shoshone Mountain, rather than in earlier episodes of volcanism
as previously thought.

Work by B. Crowe and D. Vaniman (Los Alamos National Laboratory) in coop-
eration with the USGS, is aimed at identifying significant petrologic and
chemical differences between groups and subgroups of young basalts in the
southern Great Basin. Trace elements support a division of basalts into
two groups before and after about 4 m.y. ago. The older basalt group tends
to be associated with bimodal silicic activity, whereas the younger is
viewed as rift-related and apparently accompanied a switch in structural
style to a concentration of Basin and Range faulting in narrower zones than
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had_existed previously. The younger basalts appear to have relatively high
sr87/5r86 ratios.

Volcanism--The conclusion of a preliminary assessment of the risk of
volcanism at a proposed repository at Yucca Mountain is that the annual
probability of volcanic disruption of a potential waste storage site by an
eruption located within 25 km of Yucca Mountain is 10-8, or within 50 km,

10-7 (Crowe and Carr, 1980). These figures are based on very conservative
data and reasoning. Future work will attempt to take into account structural
controls and other factors affecting volcanism and how it might disrupt a
repository.

Three distinct episodes of late Tertiary and Quaternary basaltic activity

in the southern NTS region have been identified which are younger than 5 m.y.:
one episode about 4 m.y. ago in the Crater Flat area and in the north end

of the Greenwater Range; another about 1.1 m.y. ago in the Crater Flat

area; and an episode northwest of Lathrop Wells and north of Beatty about
300,000 years ago. The virtually simultaneous eruption of basalts at
different locations within the region strongly suggests that they were
controlled by regional stress, although the locations of individual eruptions
was probably controlled by local structures.

A brief reconnaissance was conducted of the Greenwater volcanic field, 50

km southwest of NTS, where there are good examples of local basaltic eruptive
mechanisms. Available information indicates a period of strongly bimodal
(basaltic and rhyolitic) volcanism occurred in the field in a relatively
short time span between about 4 and 7 m.y. ago. The area contains the
youngest (5 to 6 m.y. of age) known rhyolitic rocks in the NTS region. Two
distinct episodes of basaltic activity, older and younger than the youngest
rhyolite, were recognized in the study. The structural control for this
volcanism is interpreted to be localization between right-stepping offset
ends of the regional, right-lateral, strike-slip fault system.

Seismicity--~Earthquakes are being monitored by the 45-station southern Great
Basin seismograph network, and seismicity continues to occur in a diffuse but
persistent east-west band just north of the NTS. Another broad feature of the
seismicity pattern that has emerged is a U-shaped band of near-quiescence that
encompasses the NTS on the south. Several focal mechanisms have been examined
for some of the best recorded and located events. These mechanisms indicate
normal and strike-slip movement on faults with trends ranging from approximately
north to east, resulting in a tension axis that trends northwest. Focal
mechanisms for five events in the southern NTS area indicate normal faulting

on northeast-trending faults.

Report

Crowe, B.M., and Carr, W.J., 1980, Preliminary assessment of the risk of
volcanism at a proposed nuclear waste repository in the southern Great
Basin: U.S. Geological Survey Open-File Report 80-357, 15 p.
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Hydrology
By W.E. Wilson, Lakewood, Colo.

Objective To determine present and past hydrologic regimes of the NTS area
in order to predict the potential for ground-water transport of radioactive
waste to the accessible environment.

Approach  Digital models simulating ground-water flow and solute transport
are required to predict rates and directions of movement of radioactive
species and their concentrations in ground water if they should be released
from a repository on or near the NTS. Data will be assembled to define the
regional hydrology of southern Nevada and to characterize in detail
ground-water flow from prospective repository sites to points of present and
possible future discharge.

Worldwide changes in climate during the Pleistocene Epoch (glacial and
interglacial stages) resulted in repeated changes in the ground-water regime.
Future climatic changes are probable in the time period of significance to a
repository for high-level and transuranic wastes. Paleohydrologic studies
are being used to estimate water-table depths, hydraulic gradients, and

flow paths to points of ground-water discharge during Pleistocene pluvial
cycles in order to assess the differences between present hydrologic

regimes and those that will prevail under wetter climates in the future.

Test drilling is being conducted to characterize in detail the hydrologic
regimes of candidate areas for a waste repository. Results will provide
information on potential ground-water flow pathways, bulk hydrogeologic
properties of potential host rocks and surrounding rock units, and ground-
water chemistry and age.

Progress  Under the direction of F. E. Rush and G. C. Doty, hydraulic
testing was conducted on tuffs penetrated by a 1,969-m core hole in Yucca
Mountain, an area at NTS being characterized to determine its suitability
as a waste repository. The static water level was about 620 m below land
surface. Preliminary results indicate the tuffs have very low hydraulic
conductivities.

R.K. Waddell has completed a two-dimensional, steady-state model of a
ground-water flow system in Nye and Clark Counties, Nevada, and Inyo
County, California, using parameter estimation techniques. Character-
istics of the flow system are determined by the locations of Tow-
conductivity rocks (barriers); by the amounts of recharge occurring in
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the Spring Mountains, Pahranagat, Timpahute, and Sheep Ranges, all of
which T1ie from 60 to 100 km northeast, east and southeast of NTS and in
Pahute Mesa (fig. 1); and by the amount of flow into the study area from
Gold Flat and Kawich Valley (fig. 1). Analyses of sensitivity of head
with respect to model parameter variations indicate that, for example,
the flux term having the greatest impact is recharge on Pahute Mesa and
underflow from Gold Flat and Kawich Valleys.

A sensitivity study was made of fluxes at selected sites in the western part
of the model area using calculations of heads and the results of the head
sensitivity analysis to determine the parameters that would most affect
predictions of radionuclide transport from a hypothetical repository in

the southwest quadrant of the Nevada Test Site. Additional geologic and
hydrologic data from the Timber Mountain and Yucca Wash areas would greatly
improve the quality of estimates of ground-water flux through the Yucca
Mountain area.

A mineralogic study of borehole samples of alluvium is being made by

B.F. Jones in an effort to identify features that would be diagnostic of
formerly saturated conditions. Such a tool could be used to recognize the
positions of higher water tables during Pleistocene time.

General X-ray diffraction examination of matrix fines in bulk and of fractions
whose diameters are less than 1 m were completed for samples from well

Ullg, in Frenchman Flat. Further data were also obtained from heat stage

and solvation runs, but no evidence of “chain" clay, considered to be
indicative of persistent ground-water saturation, has been identified.
Compilation of the X-ray diffraction data on all samples from well Ullg
suggests that a significant change in mineral composition may be present
below about 240 m. Zeolite (clinoptilolite) becomes the most abundant

phase (at least as suggested by peak intensities) and the dominant expandable
clay may possess a larger basal spacing (>144). Further work is needed

to demonstrate whether differences are attributable to a change in provenance
or in hydrologic conditions. The clay properties could be related solely

to the hydration state during examination, but if not, they may reflect
different interlayer cations and a change in cation composition of associated
waters,

Climatic changes over about the last 50,000 years in southern Nevada
are being documented by analyses of vegetative remains in packrat middens,
by W.G. Spaulding (University of Washington), on contract to the USGS.

A total of 24 radiocarbon dates on three type midden sections from the
NTS provide the following information:

1) Documentation of climatic changes on the Eleana Range from the
glacial maximum to the end of Wisconsin time; about 17,000 years
before present (B.P.) to about 11,000 years B.P.

2) A record of vegetation change on the Specter Range from the late

middle Wisconsin (about 28,000 years B.P.) to the glacial maximum
(about 15,000 years B.P.).
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3) Documentation of the impact of climatic change on the Eleana Range
during the middle Wisconsin, from about 49,000 years B.P. to
about 38,000 years B.P.

Preliminary interpretations indicate that during pluvial times mean annual
temperature was about 5-8°C cooler and precipitation was less than 25
percent greater than modern conditions at NTS. These results suggest
that the pluvial climate was probably not drastically different from
today.

The potential for flooding is a factor in assessing the suitability of
sites for the temporary surface storage of high-level radioactive wastes.
To aid in evaluating potential sites in eastern Jackass Flats, NTS, the
100-yr, 500-yr, and maximum potential floods were evaluated for Topopah
Wash (Christensen and Spahr, 1980). Results show that the areal extent
of the 100-yr flood would coincide closely with most stream channels; the
500-yr flood would exceed the discharge capacities of all channels except
Topopah Wash and some upstream tributaries; and the maximum potential
flood would inundate the entire area of eastern Jackass Flats.

Report
Christensen, R.C., and Spahr, N.E., 1980, Flood potential of Topopah
Wash and tributaries, eastern part of Jackass Flats, Nevada Test Site,

southern Nevada: U.S. Geological Survey, Water-Resources Investigations
Open-File Report 80-963, 22 p.

Waste Isolation Pilot Plant, New Mexico

The DOE has been investigating an area about 45 km east of Carlsbad,

New Mexico, to determine its suitability as a site for the Waste Isolation
Pilot Plant (WIPP) (fig. 3), a geologic repository for nuclear wastes
generated by defense activities. The geology and hydrology of the area
are being studied in cooperation with Sandia Laboratories to provide the
DOE with information on which to base an assessment of the site, particularly
with respect to geologic stability, long-term isolation of waste radio-
nuclides, and the potential for the hydrologic system to provide a barrier
to radionuclide transport. The WIPP site is located in the Delaware

Basin a tectonically stable region. The potential host rock is bedded
salt of the Salado Formation of Late Permian age.

Salt Dissolution and Deformation Studies
By R.P. Snyder and L.M. Gard, Jr., Lakewood, Colo.

Geologic studies in and near the WIPP site are concerned with the
identification and evaluation of salt dissolution and salt deformation
processes and phenomena to determine their possible effect on the geologic
integrity of the area. Included in the features under study are breccia
pipes, dissolution fronts and salt deformation structures.
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Objective To characterize the salt dissolution and salt deformation
features, and to determine whether they will have a negative effect on
the integrity of the WIPP site.

Approach = The geologic investigations involve the acquisition, analysis,
and interpretation of subsurface data from (1) shallow core tests (<350 m)
drilled to investigate dissolution phenomena in the Salado and Rustler
Formations, and (2) deep wells (>500 m) drilled to determine the nature of
geophysical anomalies, to investigate deep dissolution, or to explore for
oil and gas. The work involves the examination and analysis of cores,
cuttings, and geophysical logs from the drill holes, and it includes
regional geologic reconnaissance, detailed mapping, and the analysis of
geophysical data. Samples are selected for age determination to estimate
the rate at which the "dissolution front" is advancing, and to date the
formation of breccia pipes.

Progress  The work focused primarily on exploration drilling in two
structures identified as breccia pipes. These features 1ie north of the
WIPP site (fig. 3) and overlie the buried Capitan Limestone, the bounding
structure of the Delaware Basin.

The first breccia pipe to be explored by surface drilling was identified when
mine workings of the Mississippi Chemical Co. (MCC) potash mine intersected
the structure at a depth of about 360 m below the surface. The drill hole
penetrated 350 m of brecciated Triassic Dockum Group and Permian Dewey Lake
Red Beds and Rustler Formation. Below 350 m, the rock was broken, but
stratigraphically in place and identifiable as the Rustler Formation.

These rocks dip about 30° and have been downdropped about 180 m. The driil
hole bottomed at 396 m, about 25 m below the mine workings (depths are not
correlative because of surface elevation differences).

Detailed mapping of the MCC mine drifts in the vicinity of the breccia pipe
revealed that the beds of the Salado Formation at mine level have been down-
warped about 12 m toward the pipe for a distance of 60 m from the edge of
the pipe. These strata are also downfaulted 1-2 m towards the pipe by a
ring fault. Fragments of anhydrite in the pipe and adjacent to the boundary
are believed to have been displaced downward about 100 m.

0i1 seeps associated with the ring fault in the mine and found sporadically
in core from the drill hole have been identified by J.G. Palacas, USGS, as
similar to oil produced from the Yates Formation, which underliies the Salado
Formation. There are nearby wells producing from this formation.

Drill hole exploration of the second pipe was done in two stages, 0 to 247 m,
and later 247 to 604 m. Breccia of the Dockum Group and Permian Dewey Lake
Red Beds, Rustler and Salado Formations was cored from the surface to a

depth of 580 m. These breccia fragments showed no stratigraphic order.

Only about 13 m of Satado halite was intersected. Below 580 m to the total
depth a fractured anhydrite dipping about 45° was cored. This unit is
believed to be the Fletcher Anhydrite Member of the Salado which overlies
the Capitan Limestone at this location. At least one identifiable fragment
of the Culebra Dolomite Member of the Rustler Formation was found, 30 m
below its normal depth.
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0i1 from the Yates Formation (J.G. Palacas, oral commun., 1980) was also
found on a few fragments in this hole, suggesting that upward migration may
have occurred from the underlying Yates.

The collapsed breccia pipes are believed to have their roots in the Capitan
Limestone, a formation known for its cavernous nature. The Carlsbad Caverns
are the best example of this. Where the reef is buried (dashed portion of
reef front on fig. 3), data from numerous drill holes also confirm the
cavernous nature of the limestone.

ReEorts
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Cenozoic History of Pecos River Drainage System
By George 0. Bachman, Albuquerque, N. Mex.
This project is concerned with the Cenozoic history of the Pecos River
drainage system and the influence of this system on erosion and dissolution

in the vicinity of the Waste Isolation Pilot Plant site.

Objective To determine if presently active geologic processes offer any
potential hazards to confinement of wastes at the site.

Approach  The approach is to identify and understand those geologic
processes that have shaped the present land surface and to determine the
relative and absolute ages of significant geologic features in the vicinity
of the WIPP site.
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Progress  The Cenozoic history of the Pecos River drainage in the Delaware
Basin has been summarized by Bachman (1980). The report incorporates an
outline of dissolution and karst development in Permian evaporites of

the region. Dissolution has been an intermittently active process in

the Delaware Basin at least since Triassic time and it is impractical to
attempt to calculate a steady rate of dissolution for the basin. Since

the end of Permian time, the region has been above sea level (and presumably
dissolution has been active) for a minimum of 154 m.y., and below sea

level (when presumably dissolution was inactive or less active) for less
than 71 m.y.

Complex karst features including collapse sinks, karst mounds (new term),
karst domes (new term), and caves formed by solution of evaporite deposits
have been described. Karst mounds are erosional remnants of regional
breccia. Karst domes are structural features which have formed on a very
irregular dissolution surface. Breccia pipes or breccia chimneys are
collapse sinks which have formed over a deep seated aquifer system (the
Capitan Limestone). These sinks probably are the result of water rising
in the unsaturated zone under a strong hydraulic head, through fractures,
into the evaporite sequence, creating a cavity by dissolution into which
the overlying rocks collapse. The sinks appear to be restricted to

areas overlying the Capitan Limestone reef around the periphery of the
Delaware Basin.

Subsurface evidence suggests that deep dissolution is not presently an
active process in the Castile Formation beneath the thick Salado Formation
in the basin proper, and there is no evidence to suggest that breccia
pipes pose a threat to the integrity of the WIPP site which lies in the
basin inside the reef.

Report

Bachman, G.0., 1980, Regional geology and Cenozoic history of Pecos
region, southeastern New Mexico: U.S. Geological Survey Open-File
Report 80-1099, 116 p.

Fluid Inclusion Studies
By Edwin W. Roedder, Reston, Va.

The storage of radioactive waste in natural salt was originally suggested,
in part, because salt mines are dry. However, microscopic fluid inclusions
are known to be present in most salt deposits. Most of these inclusions
will migrate toward a source of heat such as a waste canister and bring

in proximity to it an amount and composition of brine whose consequences
must be assessed. In addition, the inclusions are fluids that either

were present when the salt was deposited or moved in later and became
trapped (due to recrystallization of salt); in the latter case, they
provide information on the previous movement of fluids through the rocks.

Objective To determine: (1) what information can be obtained from
fTuid inclusions that may help in determining if, when, and how fluids
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moved through the salt in the past and whether this may occur in the
future; (2) how much fluid is present in any given site, and what are its
distribution, properties, and composition; and (3) what predictions can
be made as to the behavior of these fluid inclusions following storage of
waste.

Approach  Specially prepared samples are examined by microscope for fluid
incTusions and appropriately sized portions are removed for study on micro-
scope with freezing, heating, and crushing stages. The temperature of first
melting of a completely frozen inclusion provides a measure of the eutectic
temperature of the chemical system within the inclusion. The temperature

of disappearance of the last solid phase and the composition of that phase,
when compared with appropriate phase diagrams, place some limits on the
fluid composition.

In the heating stage, the temperature at which the inclusion formed can be
inferred from the temperature at which the shrinkage vapor bubble disappears.
In salt samples, this determination is somewhat ambiguous because of the
possibility of post-entrapment flowage of the host salt crystal. Gas
pressure within an inclusion is estimated from the volume of the bubble

in an inclusion under the microscope before and after cracking the inclusion
or dissolving the host crystal in water. Rate of migration of inclusions

in a thermal gradient (by solution at the hotter and reprecipitation at

the cooler end) is determined by measurements under the microscope before
and after subjecting the sample to a controlled static thermal gradient

at a constant ambient temperature for weeks.

Progress  Previous work has been almost solely on samples from the WIPP
site 1n New Mexico; in FY 80 salt from several other sources was studied.

Salt samples from the WIPP site have been studied particularly to determine
the behavior of the fluid inclusions in thermal gradients on the order of
those to be expected from a waste canister (1.5°C-cm‘]). Rates of migration
up the thermal gradient have been determined and some data have been obtained
on the behavior when moving inclusions contact a grain boundary. For
ambient temperatures in the range 108°-260°C, cubic inclusions 1 mm on an
edge move 1,2-5.4 cm-yr-l. The rate of migration within single crystals
increases with inclusion size, thermal gradient, and ambient temperature,
but there are other unknown factors that may change the rate by a factor

of 3. On contacting a grain boundary, most inclusions lost most of their
fluid to the grain boundary, resealed themselves as a gas-rich inclusion,
and reversed their direction of movement, going down the thermal gradient
(Roedder and Belkin, 1980b). A general review of inclusions trapped during
diagenesis was published (Roedder, 1979) and the possible origins of such
fluids, and their significance in nuclear-waste storage siting, are
discussed by Stewart and others (1980).

The results of these brine-migration studies have been used to reinterpret
the data published by Lambert (1980) on the Salt Block II experiment
(Roedder and Belkin, 1980b). The resulting differences in interpretation
can only be resolved by actual examination of samples from Salt Block

II.
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Core samples from the Rayburns and Vacherie salt domes in Louisiana,
obtained from the Louisiana State University Institute for Environmental
Studies, were examined for inclusions. These samples were found to
contain far less water than those from the WIPP site (certainly less than
0.1 volume percent and probably in the range 0.01 to 0.001 volume percent),
but the inclusions are highly erratic in distribution (Roedder and Belkin,
1979a). Unlike those in many bedded salt deposits and other salt domes,
the brine inclusions in the salt from these two domes contain fluids

that are not far from simple NaCl-Hp0 solutions, with very few other

jons. One possible explanation for the composition of such fluids is
that fresh water penetrated the salt at some unknown time in the past

and was trapped.

Samples were collected from various points in the Klodawa salt dome in
west-central Poland, where severe mining hazards from "popping salt" have
been encountered. Preliminary studies indicate that high pressure gas
inclusions caused this phenomenon.

The analysis of the water content of salt samples has been considered a
routine matter in the past, and frequently the resulting data are reported
without even a statement of the method used. A cooperative study with

R.L. Bassett of the University of Texas at Austin (manuscript submitted

to Geology) has shown that most such determinations are not truly comparable,
that many contain serious and, in part, systematic errors, and that the
results are generally on the low side. These problems arise from a
combination of the multiple modes of occurrence of water in the samples,

and the sampling, sample preparation, and analytical techniques used.

Samples of bedded salt from the Palo Duro basin in Texas have also been
studied as part of this cooperative project. Determinations of inter-
granular fluid have been made on whole 10-cm (4-inch) cores by careful
drying at 35°C. The amounts obtained on 15 samples (0.0156 to 0.853 wt.%)
are minimum values for intergranular inclusions and include essentially
no intragranular fluid inclusions, and no water from hydrous minerals.
Further analyses of these various types of water are in progress.

Arrangements have been made to investigate the inclusions in samples of
salt from the Asse salt mine in the Federal Republic of Germany, where a
cooperative brine migration test is planned with the United States.

E.W. Roedder has been asked by ONWI to join the Brine Migration Task Group.
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Geochronology and Isotopic Studies

By Barney Szabo, John Rosholt, John Obradovich, and
M. Tatsumoto, Lakewood, Colo.; and James R. 0'Neil, Menlo Park, Calif.

Objective To date the time of formation of various geologic materials,
and by use of natural isotopes, determine and describe geologic processes
pertinent to the geologic stability and integrity of a waste repository at
the WIPP site.

Approach  Samples of solids, liquids and gases are collected and isotopic
ratios determined by various techniques involving mass spectrometry. The
results are interpreted in terms of ages or descriptions of geologic
processes.

Progress  Geochronology and isotopic studies fall into three categories:
hydration and solution of potash and anhydrite, dating the formation of
breccia pipes, and stable isotope studies.

Hydration and Solution of Potash and Anhydrite, and other minerals
(Barney Szabo and John Rosholt, Lakewood, Colo.)--This investigation is
aimed at determining the time at which subsurface solution of potash and
alteration of anhydrite and polyhalite to gypsum (which develops where
shallow ground waters first interact with the anhydrite formation) have
occurred near the WIPP site. "



Uranium and thorium analyses of altered evaporites in the upper part of

the Salado Formation from test hole WIPP-25 indicate a dissolution process
older than 700,000 yr. Studies of the upper part of the Rustler Formation
from test hole WIPP-27 suggest a dissolution period at approximately 90,000
yr b.p. Repeat analyses of these samples are in progress, and the results
should be regarded as preliminary.

Dating the Formation of Breccia Pipes (John Obradovich and M. Tatsumoto,
Lakewood, Colo.)--These studies are attempting to date the time of formation
of breccia pipes and help to determine their origin, as well as date the
times of diagenesis and deformation metamorphism of the evaporite deposits.
This is being done through K-Ar and K-Ca dating of samples of sylvite,
polyhalite, langbeinite, diagenetic silicates, or other appropriate minerals
from breccia pipes.

The results for clay samples collected from the wall of a breccia pipe
encountered in the Mississippi Chemical Co. (MCC) mine (approximately 3 m
from header, entry no. 5) are preliminary. However, they indicate that
the ages obtained (greater than the age of deposition of the Upper Permian
formations, 230 m.y.) reflect a detrital origin rather than an authigenic
one for the clays. X-ray analyses (in progress) will be used to identify
and quantify the various clay species. The data are meaningless with
regard to time of breccia pipe formation. Further dating of clays is not
recommended unless there is some reason to believe the clays formed during
or after pipe formation.

Ten K-Ar ages, determined on a variety of potassium salts from breccia
pipes by 0.K. Manuel (USGS and Univ. of Missouri), gave ambiguous results.
Ages determined for sylvite were very young and variable, 5.04 to 19.3
m.y. Older ages were determined for one sample each of langbeinite (164
m.y.), halite (205 m.y., assuming 0.1 per cent K), and polyhalite (241
m.y.). These older ages are in closer agreement with the K-Ar age of

212 m.y. reported by Brookins and others (1980) for polyhalite from a
breccia pipe in the Delaware Basin. One explanation for the young sylvite
ages is diffusive loss of argon; however, these diffusive losses would
range from 91 to 98 per cent and require rather high underground temperatures.
While sylvite is known to lose argon by diffusion more readily than many of
the minerals commonly used for K-Ar dating, a number of instances can be
cited where the K-Ar ages reported for sylvite are in good agreement with
the ages determined by other radiometric methods or with paleontologically
determined ages (e.g., Polevaya and others, 1980). A second explanation is
that the young K-Ar ages reflect the time of latest recrystallization and
that the variability in ages is due to the presence of excess radiogenic
argon in fluid inclusions. The young ages would then be maximum ages for
the time of recrystallization.

Further information on the recrystallization history of these minerals may
come from study of the potassium-calcium series. Professor Manuel was able
to solve the chemical problems of separating and running calcium for K-Ca
analyses. One K-Ca age of 34 m.y. has been determined on a single sylvite
sample. This age contrasts with K-Ar ages of about 13 and 19 m.y. for
sylvite fragments and 164 m.y. for langbeinite from the same hand sample.

A better determination of the age of recrystallization of these samples may
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come from simultaneous K-Ar, K-Ca, and Rb-Sr age determination on the same
crystal. Toward this goal, we have recently rebuilt a gas mass spectrometer
into a solid source mass spectrometer to analyze potassium and calcium.

Stable Isotope Studies (James R. 0'Neil, Menlo Park, Calif.)--Oxygen and
hydrogen isotope analyses have been made of (1) brines from several wells

in the salt deposits of the Delaware Basin, (2) inclusion fluids in halite
crystals from test hole ERDA No. 6, and (3) locally derived meteoric waters.
A new interpretation of previously determined solute compositions is that
the brines are genetically related and that they probably originated from
the evaporation of ancient ocean waters. Although variable in solute
contents, the brines have rather uniform isotopic compositions. The stable
isotope compositions of both the brine and fluid inclusions from test hole
ERDA No. 6 are variable but remarkably regular and show that (1) mixing

with meteoric waters has occurred, the extent of mixing decreasing with
depth, and (2) water in the ERDA No. 6 brine probably originated from the
dehydration of gypsum. Stable isotope compositions of all the waters
analyzed indicate that fairly extensive mixing with ground water has occurred
throughout the area. These studies suggest that active ground-water
circulation occurred in the Delaware Basin in the past.
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Hydrology
By Jerry W. Mercer, Albuquerque, N. Mex.

Objective To evaluate the hydrologic systems in the area with regard to
their potential for radionuclide transport.

Approach  Data will be acquired and assembled to define in detail the

hydrology of the WIPP site including its relationship to regional ground-
water systems. Improvements in digital models, simulating ground-water
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flow and solute transport, will be required to predict rates and directions
of movement of radioactive species and their concentrations in ground
water if they should be released from a geologic repository.

Progress  Water-bearing zones above and below the proposed host formation
for the waste, the Salado Formation, include the water-bearing dolomites
in the Permian Rustler Formation above the Salado, the brines at the
Rustler-Satado contact, and the brines in the Bell Canyon Formation below
the Salado (see table below). The water-bearing zones in the Rustler
Formation require the most detailed definition, followed, in turn, by

the Bell Canyon Formation.

Permian stratigraphic formations associated with the
Salado Formation in the WIPP area

Approximate
Series Formation Lithology Thickness (m)
Ochoan Dewey Lake Red Beds Siltstone and sandstone 30-170
Rustler Anhydrite, dolomite, and 85-130
sandstone
Salado Rock salt; minor amounts 530-610
of anhydrite, polyhalite,
and potash ores
Castile Anhydrite with some lime- 400-405
stone and salt
Guadalupian Bell Canyon Sandstone 305

Regional hydrologic studies at WIPP continued with the completion of 12 hydro-
logic test holes in the Rustler Formation. The holes range in depth from 47
to 469 m. The purpose of this effort and subsequent testing was to improve
our knowledge of the regional flow system in the Culebra and Magenta Dolomite
Members of the Rustler Formation and at the Rustler-Salado formational contact.
As with previous testing, specially designed drill holes and testing equip-
ment were utilized. Although testing is continuing, preliminary calcu-
1at1ons of transm1ss1v1ty for the Culebra Dolomite Member range from

3m2/d to 1 x 10-2 m 2/d, while the va]ues for the Magenta Dolomite Member
ranged from 1 x 10-1 mz/d to 2 x 10 =4 m2/d. The variability in these values
may be the result of variations in fracture distribution caused by local
evaporite dissolution. Owing to the very low permeability of the Rustler-
Salado contact zone, testing has been slow and difficult because water

levels stabilize very slowly; consequently it has not been completed.

In addition to studies of the regional flow system, a major effort was
undertaken to define the hydrology of Nash Draw, the nearest drainage
course to the WIPP site (eastern edge about 8 km west of the center of the
site). Nash Draw probably developed by a combination of dissolution,
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resulting in subsidence and accelerated erosion. The testing program
utilized six drill holes that had been drilled for stratigraphic eval-
uation and cased for later hydrologic testing. The objective was to
determine the aquifer properties and chemical quality of water in the
three water-bearing zones in the Rustler Formation. The field work,
conducted in cooperation with Sandia National Laboratories, was almost
completed.

Hanford Reservation Region, Washington

The DOE through its contractor, Rockwell Hanford Operations, is investigating
the feasibility of and the technology for designing and constructing a
repository for commercial high-level radioactive waste at the Hanford
Reservation in basalt flows of the Columbia Plateau (fig. 4). In support

of this effort, the USGS has been requested by the DOE to make reconnaissance
geologic maps of the Columbia River Basalt Group and to conduct model

studies of ground-water flow in basalt aquifers underlying the Plateau.

Work by the USGS is being conducted in parallel with additional geologic

and hydrologic studies by Rockwell within the Hanford Reservation and
vicinity.

Geologic Mapping of the Columbia Plateau
By Donald A. Swanson, Vancouver, Wash.

Basalt flows of the Columbia River Basalt Group of Miocene age underlie

most of the Columbia Plateau (fig. 4). Recent advances in knowledge of the
basalt permit it to be subdivided into many mappable units (Swanson and
others, 1979c). This has made possible the mapping of these units and
evaluation of the amount and style of basalt deformation on a regional
scale. Such information heretofore has been unobtainable except for local
areas; for the first time a geologic overview of the entire Columbia Plateau
is being achieved.

Objective To prepare a geologic map of the Columbia River Basalt Group
in Washington, Oregon, and Idaho at a scale of 1:250,000. The map will
be used in the DOE's evaluation of regional tectonic and stratigraphic
relations for the underground storage of radioactive waste.

Approach  The geology of the region is mapped on quadrangle maps or
aerial photographs by standard field methods. Individual lava flows or
several similar flows are traced in the field. The stratigraphy of the
lava flows was worked out using physical characteristics supplemented by
a large number of chemical analyses which demonstrated clear distinctions
between otherwise similar flows. Use is also made of the fluxgate
magnetometer to identify normal or reversed magnetic polarity of the
flows (which indicates whether the earth's magnetic field was normal or
reversed when the lava flow solidified).

Progress Most of the Columbia River Basalt Group (fig. 4) has now been

mapped. Work in FY 80 concentrated on north-central Oregon and western
Idaho south of lat 46°, and complements mapping of eastern Washington
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and northern Idaho completed earlier. A team of six geologists has been
involved in mapping in northern Oreqon and western Idaho under the direction
of Swanson: J.L. Anderson, V.E. Camp, P.R. Hooper, D.A. Swanson,

W.H. Taubeneck, and T.L. Wright,

A pattern of northwest-trending dextral faults recognized from past work

in Washington has been found to extend into the region around Pendleton

and The Dalles, Oregon. Associated with these faults are sharp parallel
anticlines. In places the faults are offset in a left-stepping fashion,

the segments connected by small thrust faults. Conjugate northeast-trending
sinistral faults occur less commonly than the dextral faults. Major

thrust faults, with displacement of 1 or more kilometers, may occur in

the Columbia Gorge west of The Nalles,

A prominent linear vent system for one or more flows of Grande Ronde Basalt
was discovered near Lonerock, Oregon (fig. 4). This system, at about lat
45°n8' N., long 119°55"' W., is the westernmost vent system for Columbia

River basalt yet known and again raises the possibility that other vents

are hidden beneath the western part of the Columbia Plateau, including

the Pasco Basin. Many flows of local derivation and limited extent have

been found in northeast Oregon and southern Idaho. These flows complicate
the local stratigraphy but do not alter the regional stratigraphic framework.
West-northwest dextral faults and rarer northeast sinistral faults apparently
cut the basalt near Riggins, Idaho, well north of the projected trend of

the Olympic-Wallowa lineament (extends west-northwest south of the confluence
of the Snake and Columbia Rivers), which is thought by some workers to form

a boundary between a region of shear to the south and a region of little
shear to the north.
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Ground-Water Model of Basalt Aquifer in Southeastern Washington
By David B. Sapik, Tacoma, Wash.

The Columbia River Basalt Group includes a complex system of aquifers of
large areal extent. The principal aquifers have been stressed by pumping
at several centers and models have been constructed for management purposes
to simulate the effects of pumping. The complexity and large areal extent
of the aquifers, however, have made it difficult to define the boundary
conditions realistically.

Objective To determine if a three dimensional groundwater model could
be constructed using available data to simulate flow in the confined basalt
aquifers underlying the Columbia River Plateau in southeastern Washington.

Approach  The work was subdivided into three tasks: (1) to select and

verify a suitable computer program for the model, (2) to compile the avail-
able hydrogeologic and other necessary data; and (3) to construct a model

of the ground-water flow system using these data and determine the sensi-
tivity of the model's predictions to a reasonable range of hydraulic character-
istics of the ground-water flow system and of initial boundary conditions.

Progress An attempt was made to calibrate the steady-state model using
availabTe data and the results of a sensitivity analysis of predicted water
levels to variations in hydraulic parameters; also initial and boundary
conditions were tested. Predicted water levels were found to vary greatly
with relatively small changes in aquifer transmissivity and vertical con-
ductivity of confining beds, and much less with changes in recharge. Owing
to the inadequacy of the data, it was not possible to place reasonable limits
on these parameters and it was decided that an acceptable calibration could
not be achieved. Analysis of the available data on existing and historical
pumpage distribution and pumping rates indicated that they were insufficient
to calibrate a transient-flow model.

Paradox Basin, Utah

The eastern Utah portion of the Paradox Basin is being explored by the

DOE through its contractor, the Office of Nuclear Waste Isolation of

Battelle Memorial Institute, to locate a potential repository site. Geologic
investigations are being conducted by Woodward-Clyde Consultants and the

U.S. Geological Survey; the Utah Geological and Mineral Survey is reviewing
the mineral resource potential of the area.

31



Geology
By Robert J. Hite, Lakewood, Colo.

The initial investigations focused on Salt Valley, one of a series of
northwest-trending diapiric salt anticlines along the northeast edge of
the Paradox Basin in southeast Utah (fig. 5). In fiscal year 1980 the
investigations were expanded to include study areas at Gibson Dome,

Lisbon Valley and Elk Ridge (fig. 5). At Salt Valley, two drill holes
(DOE-1 and DOE-2) had been drilled to depths of 393 and 374 m respectively;
and DOE-3 (fig. 6) had been cored almost continuously to 1,242 m. In
fiscal year 1980, a hole was drilled to a depth of 1946 m on the Gibson
Dome.

Objective To assist DOE and its contractors in the acquisition and
interpretation of basic geologic data from drill cores in the Paradox
Basin area.

Approach  The core is described and logged using visual and nondestructive
optical aids. Bromine content, insoluble residues, water content, gas
inclusions, hydrocarbon and kerogen contents, mineralogy and petrology

of the marker beds, and various physical properties are determined on
samples of the cores.

Progress The structural configuration of the complexly deformed evaporite
sequence intersected by the three holes at Salt Valley (fig. 6) has been
established. Both DOE-1 and DOE-2 penetrated the same halite bed which
is overturned and nearly vertical. The distribution of trace bromine in
halite from DOE-3 indicates this hole penetrated the same bed found in
DOE-1 and -2 and that it is also overturned at this location. The
determinations of water-insoluble material in the halite rock of DOE-3
show that it is very low; averaging about 1.5 weight percent. X-ray
examination of these residues show that they generally consist of about
95 percent anhydrite with the remainder made up of quartz, dolomite,
calcite, and trace amounts of illite. The Hp0 content of the halite
samples analyzed thus far has been much less than anticipated; the range
in samples from DOE-3 is from 0.229 to 0.008 weight percent.

Samples from the Palo Duro basin, Texas, another area being investigated

by the DOE, were submitted to the USGS laboratory for water analysis.

These samples of halite have an H»0 content ranging from 3.027 to 0.247
weight percent. The samples with highest water contents also have the
highest content of insoluble residues (up to 47 percent). An appreciable
amount of this water is probably porewater in the clay matrix and is not
inclusion water from halite. In general, however, samples with a relatively
low content of insoluble residues still had much higher water contents

than Paradox Basin halite.

The clay mineralogy of selected samples from Salt Valley has proved to be

more complex than originally thought. However, all the clay has very low
exchange capacity and no structural water.
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A longitudinal section through Salt Valley anticline shows that the caprock
overlying the salt is sealed off to the northwest by a thick cover of
Mancos Shale. Additional barriers to ground-water flow from the caprock
are the deep and structurally closed synclines flanking the structure.

Core from the Gibson Dome was received and placed in a USGS-DOE Core Facility
in Lakewood, Colorado, where it will be analyzed.

Hydrology
By Merrick S. Whitfield, Lakewood, Colo.

Objective To determine the geologic and hydrologic relationships between
the bedded salt deposits and the regional ground- and surface-water flow
systems in the Paradox Basin of Utah and Colorado (fig. 5). The results
are intended to provide a regional hydrogeologic framework upon which to
base more detailed investigations of potential repository sites for high-
level radioactive wastes.

Approach  Regional hydrogeologic reconnaissance studies were conducted
primarily using available data and reports supplemented by data on existing
wells and measurements of the specific conductance of streams. Test drilling
and hydraulic testing were undertaken at one prospective site, Salt Valley,
to evaluate the geology and hydrology of the caprock and adjacent aquifer
systems.

Progress Five reconnaissance reports and three site-specific reports have
been written for subareas of the Paradox Basin. One of the site-specific
reports (Rush and others, 1980) has been published and all the others are
undergoing review.

The reconnaissance reports describe the regional ground-water flow for the
two major aquifer systems in the basin. The upper system' overlies the
salt and discharges to major streams within the study area. The lower
system (Mississippian Leadville Limestone) does not crop out in the
Paradox Basin, and both recharge to and discharge from this system

occurs outside the study area.

Within the study area extensive, thick salt beds effectively separate the
upper and lower ground-water systems hydrologically. However, the potential
for some upward leakage between the two systems does exist locally where
salt beds are thin or absent. Only two areas are known in the Paradox
Basin where active dissolution of salt is taking place. Both these areas
are in the northeastern parts of the basin where the salt is near land
surface and dissected by streams. In most places the permeable beds

within the two ground-water systems are separated from the salt beds by

1 Includes from top to bottom, water-bearing units in the following
stratigraphic units: Dakota Sandstone (Cretaceous), Entrada Sandstone
(Jurassic), Navajo Sandstone (Jurassic and Triassic(?)), Wingate Sandstone
(Triassic), and Cutler Formation (Permian).

35



confining beds of low permeability. As a result, most actively flowing
ground water has no contact with the salt.

Water in the upper ground-water system is generally of good quality.
Brackish or saline water generally occurs in the lower ground-water system.

Nine exploratory wells were drilled in Salt Valley, Utah, to obtain geologic
and hydrologic data. The hydraulic conductivity of the caprock, as determined
by pumping tests in six of the wells, ranged from 9 X 10-° to 4.5 X 10-2
m/day, thus indicating very slow ground-water movement. Water levels in
these test holes indicate a general flow direction toward the northwest.
Chemical analyses of water from these wells indicate that the concentration
of dissolved solids and the age of the water both increase toward the center
of the valley, suggesting that recharge occurs along the faulted edges of
Salt Valley. Carbon-14 specific activity for caprock water yielded an
uncorrected age of about 17,000 years B.P. near the edge of the valley and
26,000 years B.P. near the center of the valley.

Report

Rush, F.E., Hart, I.M., Whitfield, M.S., Giles, T.F., and D'Epagnier, T.E.,
1980, Results of Hydraulic Tests in Wells, DOE-1, 2, and 3, Salt Valley,
Grand County, Utah: U.S. Geological Survey Open-File Report 80-205, 38 p.

Geophysics

By Raymond D. Watts, Jeffrey J. Daniels,
and Alfred H. Balch, Lakewood, Colo.

Objective To utilize geophysical data to characterize and differentiate
subsurface 1ithologies, structural configurations and inhomogeneities in
areas of interest. To evaluate state-of-the-art down-hole seismic equipment
for mapping interbeds in salt with vertical seismic profiles.

Approach  Surface, airborne, and drill-hole electromagnetic and seismic
refraction methods are employed to obtain information on the geologic
structure and the presence or absence of significant amounts of ground
water,

To test the applicability of computer processed vertical seismic profiling,
which is essentially a new and untried technique, a seismic source is
placed in one drill hole (source hole) and the waveform recorded at many
depths in another (geophone hole). The data are then processed, analyzed,
and interpreted to identify, resolve and profile-map 1ithologic units of
the geologic section between the two holes.

Progress  Slingram, a ground-based moderate penetration method, detected
anomalies that appeared to be due to near-surface, perched water pods in
the caprock at Salt Valley. The anomalies were drilled, and hydrologic
measurements confirmed this interpretation.
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Extremely Low Frequency (ELF) loop-loop soundings revealed no continuous
conductor above or below the salt. The detection limit of the method is
not precisely known, so there could be isolated areas of dissolution that
are smaller than the detection limit.

DC resistivity soundings produced data that were disturbed by the
inhomogeneity of the caprock unit (the insoluble residue left after dis-
solution of the salt from the top of the diapir). This method is probably

of limited utility over breached diapiric anticlines due to the inhomogeneity
of the caprock and the inability of DC currents to penetrate below the
resistive salt. In any case, there was no evidence of a conductor that

would indicate present-day dissolution at the top of the salt.

A helicopter-borne electromagnetic survey detected linear anomalies within
Salt Valley that are probably controlled by caprock lithology, but may be
generated directly by either lithologic or hydrologic variations. On the
flanks of the anticline, anomalies were detected that appear to be expressions
of splay faults or zones of extensive jointing. Further interpretations

of these data are being made.

A vertical seismic profile experiment was conducted at the Salt Valley

test site in January 1979. Due to numerous problems, only one complete,
fair-quality profile was obtained. Based on the results of the first shoot,
a second shoot was conducted with improved equipment in November and
December 1979. The field data were plotted and each of the several thousand
records was checked for quality and accuracy. Approximately 10 percent of
the traces were discarded to improve overall data quality. Shots recorded
under identical source-receiver conditions were summed, and composited, to
improve signal-to-noise ratio. The results were subjected to a variety of
filtering operations, to improve signal-to-noise ratio, with a minimal loss
in resolution. The most important feature observed was a multiplicity of
upward-traveling events, or reflections. These coherent events in several
cases correspond to places in the hole where marker beds are known to
intersect the hole. The consistency of the appearance of these events and
their coherence give us a good deal of confidence that these events are
true reflections. Two sets of reflections were selected for detailed
interpretation. They are associated with two marker beds that intersect
DOE-~3 at the 431-449-m interval and the 496-539-m interval. A multiplicity
of reflected modes are observed to originate at these levels. The apparent
velocity of these reflected events has been analyzed. Data from shooting
DOE-1 to DOE-3 and DOE-2 to DOE-3 have been used. The true dip of these
two horizons has been calculated. The agreement between these dip values
and those obtained from the cores is excellent. Further we have determined
that the strike of the marker beds is about S 63° W. This information was
not obtained on the core, since it was not oriented.

Gibson Dome--VLF (Very Low Frequency, 15-20 KHz) magnetic field tilt and
ellipticity measurements appear to reliably locate faults. The method has
been used to map continuations of the geologically-mapped faults of the
Lockhart Basin onto part of Hatch Point which is covered by eolian deposits.
It has also been used to detect parallel faults in the center of Shay

Graben a 15-km-long system north of the Abajo Mountains and faults to the
north of the Graben that have been newly mapped by Woodward-Clyde C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>